Salt treatment (50 mM NaCl) reduced plant growth of loquat (Eribotria japonica Lindl.) (by to 40%) but not of anger (Cydonia oblonga Mill.). Salt stress induced a strong leaf Na + accumulation in both species. However, the increase observed in leaf Cl -level was higher in loquat (13-fold) than in anger plants (3.8-fold In both species, salinity produced an oxidative stress, indicated by an increase in lipid peroxidation, this value being much higher in loquat (83%) than in anger (40%) plants. In salt-treated plants, Ca 2+ addition produced some protection to the membranes, because the increases observed in TBARS were not significant. On the other hand, in control plants, Ca 2+ treatments increased GR and decreased catalase activity for anger, but increased MDHAR, DHAR, GR and SOD in loquat plants. In salt-treated plants, Ca 2+ additions decreased CAT and APX for anger and raised DHAR, GR and SOD for loquat. However, the mechanism by which Ca 2+ could regulate antioxidant enzymes remains to be determined.
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Assays
The extent of lipid peroxidation was estimated by determining the concentration of thiobarbituric acid-reactive substances (TBARS). The leaf samples were immediately frozen in liquid nitrogen. Leaf material (200 mg) was homogenized in 2 mL of 0.1% TCA solution. The homogenate was centrifuged at 15000 g for 10 min and 0.5 ml of the supernatant obtained was added to 1.5 mL 0.5% TBA in 20% TCA. The mixture was incubated at 90º C in a water bath for 20 min, and the reaction was stopped by placing the reaction tubes in an ice-water bath. Then, the samples were centrifuged at 10000 g for 5 min, and the absorbance of the supernatant was read at 532 nm. The value for non-specific absorption at 600 nm was subtracted (Cakmak and Horst 1991) . The amount of TBARS (red pigment) was calculated from the extinction coefficient 155 mM -1 cm -1 (Cakmak and Horst 1991).
Protein was estimated according to Bradford (1976) .
Statistical analysis
Comparisons among means were made using the Least Significant Difference (LSD) test, calculated at P<0.05. Statistical procedures were carried out with the software package SPSS 10.0 for Windows.
Results
Growth inhibition of 40% was observed in loquat plants submitted to 50 mM NaCl, whereas no significant effects could be observed in salt-treated anger plants (Fig. 1 ). The addition of 25 mM calcium to the nutrient media did not improve the growth of salt-treated loquat plants under our experimental conditions.
The leaf Na + concentration was increased dramatically in both salt-treated plants species (nearly 5-fold) (Fig. 2a) . However, the increase observed in leaf Cl -levels was higher in loquat (13-fold) than in anger plants (3.8-fold) (Fig. 2b) . Ca 2+ addition (25 mM) significantly reduced Na + and Cl -concentrations in both salt-treated plant species.
In relation to Ca 2+ levels, a different behavior was produced. In anger leaves, the addition of calcium acetate to the nutrient media did not change the leaf Ca 2+ contents in salttreated or untreated plants, values being lower in salt treated-plants (Fig. 2c) . However, in loquat plants, an increase in leaf Ca 2+ was observed after the addition of calcium to the nutrient media (Fig. 2c) . Surprisingly, an increase in Ca 2+ concentration was also observed in salt-treated loquat plants (Fig. 2c ).
In general, anger plants had higher constitutive antioxidant enzyme levels in both control and salt-treated plants. Under control conditions, the CAT level, was 3.7-fold higher in anger than in loquat plants (Fig. 3a) . A differential behavior was observed in Ca 2+ -treated plants depending on the plant species. Calcium produced a significant decrease in CAT activity from anger plants, whereas in loquat a 65% increase was observed. However, no changes were observed under saline conditions, in either anger or loquat plants (Fig. 3a) .
The constitutive APX levels were nearly 7-fold higher in anger than in loquat plants (Fig. 3b) . Unlike CAT, APX levels were unchanged by 25 mM Ca 2+ addition. Salt stress did not change APX activity, neither in loquat nor in anger plants, although, in this case, APX levels in anger were 3.7-fold higher than in loquat plants. On the other hand, under salt stress conditions, Ca 2+ addition produced a decrease in APX activity from anger plants, but under these conditions activity values were 3.3-fold higher in anger than in loquat plants (Fig. 3b ).
In the absence of salt, calcium treatment increased MDHAR only in loquat plants (Fig.   4a ). Salt stress raised this activity only in anger plants (2-fold), whereas no changes were observed with Ca 2+ treatments under saline conditions, neither in Anger nor in loquat plants (Fig. 4a) .
No changes were observed in DHAR activity in anger plants due to salt and/or Ca 2+ additions. However, Ca 2+ treatment (25 mM) raised DHAR in loquat plants, both in the presence and absence of salt (Fig. 4b) .
The constitutive levels of GR activity were 5.3-fold higher in anger than in loquat plants. In both species, Ca 2+ increased GR activity, although this increase was higher in loquat (3.7-fold) (Fig. 5a ). Under salt stress conditions GR increased only in loquat, although in these conditions, the activity levels were 2-fold higher in anger plants (Fig. 5a ). GR activity was unchanged by Ca 2+ addition in salt-treated anger plants. However, Ca 2+ raised this activity in loquat plants, both in the absence and presence of salt, but the activity levels were lower than those exhibited by anger plants.
Constitutive SOD activity levels were 2-fold higher in anger than in loquat (Fig. 5b) .
In anger leaves, SOD activity was not changed by Ca 2+ and/or NaCl addition. However, in loquat leaves, 25 mM Ca 2+ increased it nearly 4-fold and 2.6-fold in the absence and presence of NaCl, respectively. In loquat plants treated only with NaCl, no significant change in SOD was observed. However, in NaCl/high Ca 2+ loquat plants the SOD activity was 40% higher than that showed by Anger plants (Fig. 5b) .
In both species, salt stress produced an oxidative stress, indicated by the increase in lipid peroxidation (measured as TBARS), indicating damage to membranes due to salt stress, this value being much higher in loquat (83%) than in Anger (40%), in relation to control plants (Fig. 6 ). In salt-treated plants, Ca 2+ addition produced some protection to the membranes, because the increases observed in TBARS were not significant.
Discussion
Under saline conditions, plant growth is generally reduced, although it is known that the degree of growth inhibition by salinity may differ between species and between cultivars within a species (Hernández et al. 1995; Shannon and Grieve 1999) , and even between scionrootstock combinations (Nieves et al. 1991) .
The results for nutrient uptake suggest that anger leaves had a higher capacity to compartment toxic ions in vacuoles, or that the problem was osmotic rather than toxic, or both at the same time. Ca 2+ addition (25 mM) produced a lower absorption and/or transport of Na + and Cl -to the leaf in both species. A similar effect has been observed in other plant species (Maas and Grieve 1987; Bañuls et al. 1991 addition also neutralized the decrease in leaf water and osmotic potentials induced by salinity.
3.-The plant genotype, since Ca 2+ addition improved plant growth in tomato, cucumber, melon and Citrus (Bañuls et al. 1991; Al-Harbi, 1995; Martínez-Ballesta et al. 2000) , but no beneficial effects on growth have been described in several lettuce and wheat genotypes (Cramer and Spurr 1986; Weimberg 1988) , in agreement with our results for loquat plants.
The decrease in leaf Ca 2+ levels in salt-treated anger plants could be explained by a decrease in Ca 2+ activity in the nutrient solution (Cramer et al. 1986; Suárez and Grieve 1988) , and possibly by its displacement from the cell membranes or by an effect on membrane function (Lynch et al. 1987; Läuchli 1990) . However, the increase in leaf Ca 2+ observed in salt-treated loquat plants is more difficult to explain, but this result has been corroborated recently in other experiments obtained in loquat plants grafted on the same franco stock (unpublished results).
In the present work, we used four-month treated plants because in the short-term no obvious physiological changes were observed. After two months of the treatments no changes in plant growth were observed. On the other hand, we carried out a longer-term experiment to know which plant was more salt-tolerant. Once this was established, we wanted to study the effect of salt stress on the antioxidant enzymes levels in both plant species. The antioxidant enzyme responses and AOS generation for long-term salt treatment have been measured also in pea, Citrus and Lycopersicon pennellii plants (Hernández et al. 1993 , 1995 , 2000 , 2001 , Almansa et al. 2002 Mittova et al. 2003) .
Contradictory results were obtained by different authors in relation to the effect of salt on the activity and protein levels of the various antioxidant enzymes. Some authors have attributed salt tolerance to higher constitutive levels of some antioxidant enzymes (GuetaDahan et al. 1997; Shalata and Tal 1998; Comba et al. 1998; Tsugane et al. 1999) . However, others authors have found that, rather than the constitutive levels, the coordinated upregulation of the activities of antioxidative enzymes seems to be one of the mechanisms involved in the salt-tolerance response (Hernández et al. 1993 (Hernández et al. , 1995 (Hernández et al. , 2000 (Hernández et al. , 2001 Olmos et al. 1994; Piqueras et al. 1996; Gómez et al. 1999; Mittova et al. 2003) . Moreover, in this activity response, the importance of the cellular compartment in which the specific antioxidative enzyme(s) is (are) located has been described (Hernández et al. 1993 (Hernández et al. , 1995 (Hernández et al. , 2001 Bueno et al. 1998; Gómez et al. 1999; Mittova et al. 2003) .
Lycopersicon pennellii L. plants, tolerant to 100 mM NaCl, had SOD, APX, and DHAR activity levels inherently higher than L. esculentum L. plants, a salt-sensitive species (Shalata and Tal 1998). Under salinity, APX, CAT, and SOD activity levels were also higher in L. pennellii than in L. esculentum. These results suggest that the wild, salt-tolerant L.
pennellii plants are better protected against AOS, inherently and under salt stress conditions, than the relatively sensitive L. esculentum plants. In pst1 Arabidopsis mutant plants, tolerance to salt stress was correlated with higher SOD and APX activity levels (Tsugane et al. 1999) .
Our results agree with those described by other authors, who suggested that salt tolerance is due, at least partially, to higher constitutive antioxidant enzyme activities (Gueta-Dahan et al. 1997; Shalata and Tal. 1998; Tsugane et al. 1999) . In agreement with these authors, one of the reasons why anger plants are more salt-tolerant than loquat plants could be their higher antioxidant enzyme levels, both under control and saline conditions, suggesting that these plants have a higher capacity to scavenge AOS, both in control and salt stress conditions, a situation in which the AOS production is stimulated, increasing the risk of oxidative damage (Hernández et al. 1993 (Hernández et al. , 1995 (Hernández et al. , 2001 ).
Lipid peroxidation is the symptom most easily ascribed to oxidative damage and it is often used as an indicator of oxidative damage (Hernández and Almansa 2002; Hernández et al. 1995 Hernández et al. , 2001 Hernández et al. , 2002 Gómez et al. 1999) . In the present work, the lower TBARS increases observed in salt-treated anger plants could be due, at least partly, to the higher antioxidant enzyme levels found under these conditions.
Most studies on the effect of salt stress on the activity of antioxidant enzymes have been carried out in herbaceous plants or in cell cultures. However, the studies carried out in woody plants are more scarce. In salt-sensitive Quercus robur L. plants, salt stress produced an increase in SOD activity, whereas no changes could be observed in APX and GR activities (Sehmer et al. 1995) . These authors suggested that an increase in SOD and the lack of APX induction might have increased H 2 O 2 levels. So, the deleterious effects observed in saltstressed Q. robur plants could be due not only to ion toxicity but also to an increase in the levels of H 2 O 2 and derivative species in whole cells (Sehmer et al. 1995) .
By using different rootstock-scion combinations in lemon trees, a correlation has been observed between a higher constitutive SOD level and a higher salt tolerance in Citrus limonum on sour orange, in relation to the other combinations (Almansa et al. 2002) . plants. This was reflected in higher TBARS levels and a growth reduction in loquat plants. In others work, a positive correlation between salts accumulation and oxidative stress has been observed (Hernández et al., 1993 , 1995 , 2001 , Sehmer et al. 1995 . Sjölin and Mφller (1991) have demostrated that salts stimulated electron transport in submitochondrial particles (SMPs) from potato through electrostatic charge screening, and this could be the reason for the enhanced production of O 2 .-observed in pea leaf SMPs from salt-treated plants (Hernández et al., 1993) . This higher O 2 .-production was correlated with an increase in mitochondrial lipid peroxidation (Hernádez et al., 1993) . In chloroplasts from salt-treated pea plants, an increase in H 2 O 2 and in lipid peroxidation has been described (Hernández et al., 1995) . In both cases, the increase in O 2 .-and H 2 O 2 was correlated with an increase in the Na + and Cl -contents in leaves. In the present work, a correlation between lower Cl -levels and lower lipid peroxidation levels was observed in anger plants, and this was accompanied by a higher levels of antioxidant enzymes
The mechanism by which Ca 2+ could regulate antioxidant enzymes remains to be determined. It has been described that Ca 2+ acts by regulating NAD kinase and ∆ 1 -pyrroline-5-carboxylate synthetase (Delumeau et al. 2000; Knight et al. 1992 Probably, changes in these proteins could be involved in the regulation of antioxidant enzymes mediated by Ca, directly or indirectly, involving either phosphorylation by calciumdependent protein kinases or the action of specific calcium-dependent proteases, as suggested for the H 2 O 2 -inhibition of SOD mediated by Ca in tobacco plants (Price et al. 1994 ).
However, these proteins are regulated by µM increases in cytosolic calcium concentrations (Evans et al., 2001) , and, unfortunately, the method used for Ca 2+ determination only provides total leaf content and thus cannot inform us about Ca 2+ distribution in different cell compartments.
The presence of antioxidant isozymes in different subcellular compartments has been described (Foyer and Halliwell 1976; Jiménez et al. 1997; Gómez et al. 1999; Hernández et al. 2000; Mittova et al. 2003) , although the presence of the ASC-GSH cycle enzymes in apoplast is doubtful (Hernández et al. 2001) . The results obtained by several authors show that the activity of antioxidant enzymes and their transcript levels varied considerably in response to NaCl stress (Bueno et al. 1998; Savouré et al. 1999; Hernández et al. 2000) . On the other hand, it has been suggested that the different response of SOD isozymes induced by NaCl stress could be related to the subcellular compartment where these isozymes are present (Bueno et al. 1998; Hernández et al. 2000) . It has been suggested that the enhanced tolerance to NaCl requires induction of organelle-specific antioxidant enzymes (Hernández et al. 1993 (Hernández et al. , 1995 (Hernández et al. , 2000 Gómez et al.1999; Mittova et al, 2003) . Enzymes functioning in elimination of AOS in the cytoplasm were induced by salt stress in salt-tolerant Citrus and in pea plants (Gueta-Dahan et al. 1997; Hernández et al. 2000) , as well as in chloroplast and mitochondria from salt-tolerant pea and Lycopersicom pennellii plants (Hernández et al. 1993 (Hernández et al. , 1995 Gómez et al. 1999; Mittova et al. 2003) .
In the present work, results for antioxidant enzymes must be considered with caution, because analyses have been restricted to total specific activity, and changes observed could be due to changes in the levels of particular isoforms. It has been suggested that changes in the levels of particular isoforms of such enzymes, rather than changes in the level of total activity, may be more important (Stevens et al. 1997; Hernández et al. 2000) . In Citrus plants, salt induction of cytosolic APX, which is not exhibited in total APX activity, indicated that although its contribution to the total activity is minor, its localization might be of great importance (Gueta-Dahan et al. 1997) . Such importance for the cytosolic compartment in the plant's response to salt stress has been suggested also for pea (Hernández et al. 2000) .
In conclusion, these results suggest that anger plants have a higher capacity to scavenge AOS, both under control and saline conditions. Accordingly, and related to the 
